Purpose. To evaluate the long-term outcome of clubfoot correction following differential distraction using the Joshi external stabilisation system (JESS). Methods. 13 male and 9 female patients aged 1.5 to 5 years with 28 idiopathic clubfeet underwent differential distraction using JESS for relapsed deformity after posteromedial soft-tissue release. They were available for review after a mean of 12 years. Deformities of the feet were rigid and graded as Dimeglio type III or more. Pain, function, and satisfaction were evaluated using a questionnaire. Alignments of the forefoot and hindfoot, subtalar motion, ankle range of movement, muscle power, foot size, calf circumference, and limb length discrepancy were also evaluated. Each foot was rated using the Ponseti scale. Results. In 16 patients with unilateral clubfoot, the abnormal side differed significantly from the normal side in terms of foot size, calf circumference, ankle motion, and Ponseti score. Most affected feet were smaller. The mean Ponseti score for the 28 clubfeet was 80. 20 of the feet had good-to-excellent and 5 had fair scores, whereas 3 had poor scores (because of recurrence of deformity). Most patients were able to perform activities of daily living without any problem. The function of the ankle and subtalar joints was limited. Only 3 feet achieved ankle dorsiflexion of >10º, 15 were beyond neutral to 10º, 7 were neutral, and 3 were less than neutral. Most patients developed pin site infection, but none necessitated premature removal of the assembly or any surgical intervention. Conclusion. Differential distraction using JESS enabled long-term maintenance of correction and good function, despite hindfoot stiffness.
INTRODUCTION
The goal of treatment for clubfoot deformities is to obtain full and lasting correction, so that the patient has a functional, pain-free, plantigrade foot with good mobility. Various modalities of treatment from manipulation with or without immobilisation 1, 2 to soft-tissue releases 3 have been reported, but relapses can occur. Failure is usually due to inadequate treatment or neglect in postoperative care. Treatments for relapsed clubfoot include repeat soft-tissue procedures, osteotomies of the foot, or triple arthrodesis, but these are associated with complications like injury to the neurovascular structures, infection, soft tissue coverage problems, and a shortened stiff foot. 4 Differential distraction using either the Joshi external stabilisation system (JESS) 5, 6 or an Ilizarov fixator, 4, 7, 8 based on the tensionstress law 9 has been reported to yield satisfactory short-term outcomes. [6] [7] [8] We evaluated the long-term outcome of clubfoot correction following differential distraction using the JESS.
MATERIALS AND METHODS
Between January 1992 and December 1998, 13 male and 9 female patients aged 1.5 to 5 years with 28 idiopathic clubfeet underwent differential distraction using JESS for relapsed deformity after posteromedial soft-tissue release. They were available for review after a mean of 12 years. The JESS was preferred over the Ilizarov fixator for smaller feet, because applying the Ilizarov rings in smaller feet may lead to overcrowding and difficulties.
Patient demographics including age, gender, surgical side, degree of preoperative deformity, and number of previous treatments were reviewed. Deformities of the 28 feet were rigid and graded as Dimeglio 10 type III or more. Pain, function, and satisfaction were evaluated using a questionnaire. Alignments of the forefoot (abduction, neutral or adduction) and hindfoot (equinus, varus, neutral or valgus), subtalar motion (normal, slightly decreased, grossly decreased, and ankylosed), ankle range of movement, muscle power, foot size (from heel to tip of great toe), calf circumference (at its greatest), and discrepancy in limb length (from the anterior superior iliac spine to the medial malleolus) were also evaluated.
Each foot was rated using the Ponseti scale, 11 which includes pain (30 points), function (20 points), satisfaction (20 points), heel position (10 points), motion (10 points), and gait (10 points). A score of 90 to 100 is considered excellent, 80 to 89 good, 70 to 79 fair, and <70 poor.
Technique
Kirschner wires (1.6, 2, and 2.5 mm) were inserted into the tibia, metatarsals and calcaneum, and then L-and Z-shaped connecting rods were connected to the Kirschner wires, using link joints and distractors ( Fig.) . Three different sizes of component assemblies were available. Distraction was started on day 3, using calcaneometatarsal and tibiocalcaneal distractors at a rate of 0.25 mm every 6 hours medially and 0.25 mm every 12 hours laterally. The frame was corrected weekly to achieve a maximally correctable position for the foot. The amount of distraction needed was assessed clinically by the amount of pain and capillary refill. Distraction can be reversed at times of the anticipated problem, and started again after a few days. Distraction was continued until the complete correction; over-correction was not preferred. Flexion contracture of toes was prevented by attaching rubber bands from the assembly to each toe. In cases of severe deformity, linear skin necrosis can occur due to tight skin especially on the medial side. This could be prevented by a small linear incision if skin blenching occurred during distraction. After complete correction, the foot was maintained in the assembly in a static position for 3 to 6 weeks. Then the assembly was removed and an above-knee cast applied for 6 weeks.
RESULTS
In 16 patients with unilateral clubfoot, the abnormal side differed significantly from normal side in terms of foot size (21.8 vs. 23.5 cm), calf circumference (28 vs. 31.2 cm), ankle motion, and Ponseti score (78 vs. 98) [ Table 1 ].
The mean Ponseti score for the 28 clubfeet was 80. 20 of the feet had good-to-excellent and 5 had fair scores, whereas 3 had poor scores (because of recurrence of deformity) [ Table 2 ]. Most patients were able to perform activities of daily living without any problem.
Despite overall good alignment with a plantigrade foot, the function of the ankle and subtalar joints was limited. Only 3 feet achieved ankle dorsiflexion of >10º, 15 were beyond neutral to 10º, 7 were neutral, and 3 were less than neutral. Subtalar joint motion was markedly decreased in 21 feet.
Most patients developed pin site infection; none had deep infection necessitating premature removal of the assembly or any surgical intervention. Change of wire was performed in 3 patients. No patient had 
